Introduction
Hypertension is a major global health challenge because of its high prevalence and the concomitant increase in risk of vascular disease [1, 2] . As a complex trait, hypertension susceptibility is influenced by the interaction of multiple genetic and environmental factors [3] . Among environmental determinants, high dietary salt and low potassium intake are the most important risk factors for hypertension [4, 5] . High dietary salt and low potassium intake have been associated with an increased blood pressure (BP) in animal experiments, observational epidemiologic studies, and randomized controlled clinical trials [6] [7] [8] . However, there is substantial scientific evidence suggesting that BP responses to dietary salt or potassium intake vary considerably among individuals [8, 9] . The variation in salt or potassium sensitivity of BP might be partially determined by an individual's genetic predisposition. Thus, identifying the genetic variants underlying BP response to salt and potassium intake will enhance our understanding of biological mechanisms of BP regulation and may help the development of targeted prevention and treatment strategies for hypertension.
Renalase, a 342-amino acid protein with a calculated molecular mass of 38kDa, is encoded by the RNLS gene on chromosome10 at q23.33 [10] . This protein is a newly discovered monoamine oxidase enzyme originating from renal tissues. It degrades circulating catecholamines and plays an important role in BP regulation [10] . Renalase has wide representation in kidney and extrarenal sites such as heart, skeletal muscle and small intestine, and is emerging as an important regulator of cardiovascular homeostasis [11] . Renalase deficiency is reportedly associated with ischemic myocardial damage, ventricular arrhythmias, heart failure, and hypertension [12] Recently, researchers have tried to identify common variants of RNLS gene that may influence the risk of essential hypertension. Zhao et al. [13] firstly showed that in the Han Chinese population, the renalase encoding gene was a novel susceptibility gene for essential hypertension and its genetic variations might influence BP. Renalase gene polymorphisms have also been showed to be correlated with hypertension in patients on hemodialysis and in patients with type 2 diabetes [14, 15] . However, none of these studies took into account the gene-environment interactions, especially regarding dietary salt or potassium, on BP. Failure to measure gene and environment interactions may result in the inability to fully detect genetic contribution to BP variability in those studies. Therefore, the aim of this study was to examine the association between genetic variants in RNLS gene and BP responses to the dietary salt and potassium interventions among 124 Chinese families.
Materials and Methods

Study Population
In Northern China, probands with a mean systolic BP (SBP) of 130-160 mmHg and/or diastolic BP (DBP) of 85-100 mmHg were identified by community-based BP screening among all 18-60 years in the study villages. Both 2-generation (probands, their parents and siblings) and 3-generation (additionally including the probands' spouse and offspring) families were recruited for the study. Probands, along with their siblings, spouses, and offspring participated in the dietary intervention. The exclusion criteria were stage 2 hypertension; secondary hypertension; a history of clinical cardiovascular disease, chronic kidney disease, or diabetes; use of antihypertensive medication; pregnancy; high alcohol intake.
The institutional ethics committee of Xi'an Jiaotong University Medical School approved the study protocol. Written informed consents for the baseline observation and for the intervention program were obtained from each participant. This study adheres to the principles of the Declaration of Helsinki, and all studies procedures were performed in accordance with institutional guidelines. 
Dietary Intervention
The chronic salt intake and potassium supplementation intervention protocol was performed as previously described [16, 17] . The protocol comprised a questionnaire survey and physical examination (height, weight, waist circumference, and BP measurements) during a 3-day baseline observation period, a low-salt diet for 7 days (3 g of salt or 51.3 mmol of sodium per day), a high-salt diet for 7 days (18 g of salt or 307.8 mmol of sodium per day), and a high-salt diet with potassium supplementation for 7 days (18 g of salt or 307.8 mmol of sodium + 60 mmol of potassium per day). During the baseline period, each subject was given detailed dietary instructions to avoid table salt, cooking salt and high-salt foods for the 21-day study duration. To ensure study participants' compliance with the intervention program, they were required to have their breakfast, lunch, and dinner at the study kitchen under supervision of the study staff during the entire study period. All foods were cooked without salt. Onsite study staff members added prepackaged salt to the individual subjects' meals as indicated by the study protocol.
BP Measurement and Defnition of BP Response to Dietary Intervention
Three random-zero BP measurements were obtained using a Hawksley random-zero sphygmomanometer (Hawksley & Sons Ltd, Lancing, UK; zero range 0-20 mmHg) with a 1-minute interval. BP was measured by trained and certified observers during the 3-day baseline observation period as well as on days 5, 6, and 7 of each of the three 7-day intervention periods according to a common protocol adapted from procedures recommended by the American Heart Association. The subjects were instructed to avoid alcohol, cigarette smoking, coffee/tea, and exercise for at least 30 min prior to their BP measurement. BP observers were blinded to the participants' dietary interventions. SBP and DBP were determined as the first and fifth Korotkoff sounds, respectively. The pulse pressure was calculated as SBP -DBP. The mean arterial pressure (MAP) was calculated as DBP + (1/3 × pulse pressure). The BP at baseline and during the intervention was calculated as the mean of nine measurements from three clinical visits during the 3-day baseline observation period and the mean of the measurements on days 5, 6, and 7 of each of the three 7-day intervention periods, respectively. BP responses were defined as follows: BP response to low-salt = BP on low-salt diet -BP at baseline; BP response to high salt = BP on high-salt diet -BP on low-salt diet; and BP response to potassium supplement = BP on high-salt with potassium supplementation -BP on high-salt diet.
Twenty-four-hour Urinary Salt and Potassium Determination
Twenty-four-hour urine samples were collected at baseline and on day 7 of each intervention period. The samples were kept frozen at -40ºC until analysis. The sodium and potassium concentrations in the urine were measured on fame photometry. The 24-h urinary excretions of sodium and potassium were calculated by multiplying the concentration of sodium and potassium, respectively, by the 24-h total urine volume.
SNP Selection and Genotyping
We selected 7 tagSNPs from RNLS gene, each with a minor allele frequency (MAF) > 5% in the HapMap Chinese Han Beijing population. Peripheral venous blood was drawn from each participant. Genomic DNA was isolated from whole blood samples using the GoldMag-Mini Purification Kit (GoldMag Co. Ltd. Xian, China). DNA concentration was measured using the NanoDrop 2000 (Thermo Scientific, Waltham, Massachusetts, USA). All the genotyping experiments were done by Shaanxi Lifegen Co. Ltd (available at http:// www.lifegen.com/). Genotyping was performed using MassARRAY high-throughput DNA analysis (Sequenom, San Diego, CA, USA) with matrix-assisted laser desorption/ionization time-of-light mass spectrometry techniques, according to the manufacturer's instructions. The primers were designed by MassARRAY Assay Design software (version 3.0). SNPs were genotyped using iPLEX Gold technology (Sequenom) followed by an automated data analysis with the TYPERRT software version 4.0.
Statistical analyses
The Mendelian consistency of the SNP genotype data was assessed by PLINK and PedCheck on parental SNP data. Hardy-Weinberg equilibrium was tested with chi-square test on parental SNP data. We used Haploview (version 4.1, http://www.broad.mit.edu/mpg/haploview) to estimate the extent of pairwise linkage disequilibrium between SNPs. We used Family-Based Association Test (FBAT; version Wang/Chu/Ren/Mu/Wang/Liu/Ren/Guo/Yuan: RNLS and BP Response to Dietary Intervention 2.0.4, http://www.biostat. harvard.edu/fbat/default.html) to test the association of single marker with adjusted phenotypes. Three genetic models (additive, dominant, and recessive) were tested. To assess the effect of genetic variants on the trait value, a univariate FBAT test was performed for each allele. This test provides a z-statistic with its corresponding P-value. The false discovery rate (FDR) method was used to correct for multiple testing.
Result
Baseline Characteristics and BP Response to Dietary Intervention
We recruited 515 individuals from 124 families, including 26 families with 3 generations of pedigree and 98 families with 2 generations of pedigree. All the families had 2 or more children. Table 1 shows the baseline characteristics and BP responses to the low-salt, highsalt and high-salt + potassium supplementation interventions among family members. The probands had higher mean baseline SBP and DBP than their siblings, spouses, and offspring. In general, BP levels decreased from baseline to low-salt intervention, increased from lowsalt to high-salt intervention, and decreased again from the high-salt intervention to the high-salt plus potassium supplementation intervention. The BP responses during the three dietary interventions were greater in probands compared with their siblings, spouses, and offspring.
Effects of Salt Intake and Potassium Supplementation on 24-hour Urinary Sodium and Potassium Excretions
The 24-h sodium and potassium excretions in the urine were calculated at the end of each intervention period to ensure the subjects' compliance with the study protocol. At baseline, the high sodium and low potassium excretions indicated that the dietary pattern in Table 1 . Baseline characteristics and BP response to sodium and potassium supplementation of participants
inary potassium excretion and a slight increase in urinary sodium excretion. These results confirmed the subjects' compliance with the dietary intervention protocol. Table 3 lists the genomic location, minor allele frequency, and Hardy-Weinberg tests for the 7 RNLS SNPs analyzed. No SNPs deviated statistically significantly from Hardy-Weinberg equilibrium, except for SNP rs12357948, which was excluded from the further analysis.
Allele Frequencies and Hardy-Weinberg Equilibrium Test
RNLS and BP Response to Dietary Intervention
As shown in Table 4 , FBAT identified significant associations for rs919115 and rs792205 with DBP and MAP responses high-salt intervention. SNP rs12356177 was significantly associated with SBP and DBP responses to low-salt intervention. Furthermore, rs12356177 were also found to be associated with SBP, DBP and MAP responses during the high-salt intervention (all P < 0.05). However, we did not observe any association between the analyzed SNPs and BP response to the potassium supplementation.
To further confirm the association between these SNPs and BP response to salt interventions, we also performed haplotype-based analysis based on its LD block structure, as defined by Haploview software. Regretfully, no haplotype was constructed in these SNPs (Figure 1 ). Northern China is characterized by high salt intake and insufficient intake of potassium, consistent with our previous survey [18] . As shown in Table 2 , the urinary sodium excretion significantly decreased from baseline to the low-salt diet, but increased from the lowsalt to high-salt diet (all P < 0.05). Potassium supplementation resulted in an increase in ur- Table 4 . Summary of individual SNPs significantly associated with BP response to low-sodium, high-sodium interventions and high-sodium-and potassium supplement interventions Table 5 displays the association between each SNP and baseline levels of SBP, DBP and MAP adjusted for age, gender, body mass index. Single-locus analyses conducted with Wang/Chu/Ren/Mu/Wang/Liu/Ren/Guo/Yuan: RNLS and BP Response to Dietary Intervention the use of FBAT revealed no significant evidence of an association of BP level with the six common variations in RNLS gene (all P > 0.05). To further increase the statistical power of the study, we also applied the 3 genetic models and false discovery rate (FDR) method, but we still found no significant differences.
Association between RNLS and BP levels at baseline
Discussion
This family-based association study identified multiple SNPs in RNLS gene, such as rs919115, rs792205, rs12356177, were associated with BP responses to changes in dietary salt intake. These results suggested that the RNLS gene might be mechanistically involved in BP salt-sensitivity and their genetic variants might contribute to the variation of this complex phenotype.
RNLS resides on chromosome10 at q23.33 has nine Table 5 . Association between RNLS SNPs and BP levels at baseline exons spanning 311000 base pairs and encodes a 342 amino acids protein with a calculated molecular mass of approximately 38 kDa [11] . Recently, renalase has been implicated in BP regulation and reported to be associated with hypertension. For example, Recombinant hRenalase1 administered subcutaneously has a potent hypotensive effect in 5/6 nephrectomy and stroke-prone spontaneously hypertensive rats [19] . A single subcutaneous injection of 1.3mg/kg hRenalse1 is as effective in decreasing BP as is 5mg/kg enalapril administered orally over 24 hours [19] . Schlaich et al. [20] showed that in patients with resistant hypertension, arterial renalase was significantly higher in 4 normotensive control participants relative to 22 hypertensive patients (P < 0.05). Additionally, few studies have investigated the relationship between polymorphisms in the RNLS gene and hypertension; however, findings are conflicting. SNP rs2576178 and rs2296545 within the RNLS gene were associated with essential hypertension among 2586 Chinese individuals [13] . After adjustments for age, gender, BMI, glucose, lipids, renal function, smoking and alcohol use, these two SNPs were associated with increased odds of hypertension (odds ratio, OR=1.58 for rs2576178 GG and 1.61 for rs2296545 CC, both P = 0.0002) [13] . Stec et al. [15] reported that among hypertensive hemodialyzed patients, the G allele frequencies of both rs2576178 and rs10887800 SNP in the RNLS gene were associated with hypertension (OR=1.55 for rs2576178, OR=1.76 for rs10887800). In the present study, no genotyped SNPs of RNLS were significantly associated with BP levels at baseline after correcting for age, gender and body mass index. Our results are similar to those of two separate reports of negative findings [21, 22] . These differences may be explained by different design, selection criteria, clinical characteristics and genetic background among studies. It has been established that BP levels are heritable with the proportion of variance explained by genetic factors ranging from 20 to 50% [23] . Previous studies have revealed that an individual's genetic profile may contribute to their BP responses to dietary salt intake. In addition, Ghosh et al. [24] discovered that renalase expression levels are regulated by salt intake. Blood and kidney tissue renalase levels were significantly lower in Dahl salt-sensitive (DSS) rats maintained on an 8% salt diet for 3 weeks and became virtually undetectable after 4 weeks of a high-salt diet [24] . This observation had been confirmed by Desir G [25] . Similarly, our preliminary study found that after 4 weeks of salt intake, the expression of renalase in kidneys of DSS rats significantly decreased, and this trend was more obvious than their counterparts (SS-13 BN rats) (unpublished results). These studies suggested that renalase might be involved in the pathogenesis of BP salt sensitivity. In the current study, we identified three SNPs in the RNLS gene, rs919115, rs792205, and rs12356177 that were significantly associated with BP responses after adjustment for multiple testing. These three SNPs are located at the intronic region and have no inferred functional implication, based on the analysis by Fast SNP. However, evidence has suggested that intronic polymorphisms may be etiologically involved in the development of complex disorders [26] . Additional studies designed to investigate the positive associations reported here are warranted, and functional studies are needed to elucidate the potential mechanism underlying the association of the RNLS gene polymorphisms with BP responses to salt intake.
Observational epidemiologic studies have reported an inverse association between dietary potassium intake and BP [8, 18, 27] . Clinical trials have documented that potassium supplementation reduced BP in both hypertensive and normotensive subjects [8, 18] . The BP-lowering effect of potassium supplementation might vary among individuals. The GenSalt study showed that BP response to potassium supplementation varied even in a homogenous Han Chinese population [28] . These findings suggest that "potassium sensitivity" of BP might exist in humans. Genetic mutations were previously found to be associated with BP response to potassium supplementation in few studies. Zhao et al. [29] discovered an association between genetic variants in the APLN and ACE2 genes and BP responses to potassium supplementation in a Han Chinese population. This group also reported that polymorphisms of key genes in vascular endothelial pathways were related to BP response to potassium including endothelin 1 (EDN1), nitric oxide synthase 3 (NOS3), and E selectin (SELE) in rural Chinese [30] . However, the association between RNLS and BP responses to potassium supplementation has never been studied. Our study is the first investigation to examine the association between common variants of RNLS gene and BP responses to dietary potassium intervention, however, no significant relationship was observed. This might be due to the genetic heterogeneity across populations, small effect size or low power. Replication of these results in the current analysis is needed in the future.
The present study has several important strengths and limitations. The subjects were recruited from several neighboring rural communities that were similar with respect to lifestyle and environmental risk factors, including diet and physical activity. Furthermore, because this study was based on the family pedigree, the within-family association test can eliminate the effect of an admixed and stratified population using FBAT. Thus, confounding of genetic associations due to these factors should have been minimal. In addition, the compliance of subjects to the dietary intervention was excellent, as evidenced by 24-hour urinary sodium and potassium excretions assessments. Furthermore, BP response to dietary sodium and potassium intervention was analyzed as a continuous variable, rather than dichotomous trait (such as sodium-or potassium-sensitive and sodium-or potassiumresistant groups), to improve the sensitivity of the detection of the small effect of the gene polymorphisms. In contrast, the study population was relatively small and restricted to Northern Chinese individuals. Therefore, our results will require replication in other cohorts to determine generalizability to other ethnicities and to populations with different backgrounds. Moreover, further studies to identify the causal polymorphism loci along with their functions are also critically important. 
Conclusion
We reported here for the first time significant associations between genetic variants of the RNLS gene and BP responses to dietary salt intervention in a Northern Chinese population. These findings may contribute to a better understanding of the genetic mechanisms underlying BP regulation and may have potential clinical and public health implications.
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